Semiquantitative cultures of skin surrounding intravascular catheter entry sites and catheter hubs have high negative predictive values for catheter tip colonization. However, culturing samples from the inner side of the hub requires the catheter to be manipulated, thus increasing the risk of migration of microorganisms into the bloodstream. Today, hubs are closed using needleless connectors (NCs). Cultures of NCs could predict catheter colonization. Our objective was to compare the yield of NC sonicate cultures for prediction of catheter colonization with that of hub cultures. For 6 months, we prospectively collected all short-term central lines and systems removed from patients admitted to the cardiac surgery postoperative care unit, irrespective of the reason for withdrawal. Hub cultures were obtained immediately before withdrawal and were cultured using a semiquantitative method. Catheter tips were cultured using the roll-plate technique and sonication, and NCs were cultured using a semiquantitative technique after sonication. We considered NCs to be colonized when >1 culture was positive. We collected a total of 75 central systems. The catheter colonization rate was 10.7%. The rates for hub and NC colonization were 6.7% and 12.0%, respectively. The validity values for hubs and NCs for prediction of catheter colonization were as follows: sensitivity, 25.0% and 87.5%; specificity, 95.5% and 97.0%; positive predictive value, 40.0% and 77.8%; negative predictive value, 91.4% and 98.5%; validity index, 88.0% and 96.0%, respectively. Cultures of closed NCs can be used to rule out catheter tip colonization and are superior to hub cultures in ruling out shortterm central venous catheter colonization. C atheter-related bloodstream infection (C-RBSI) is one of the most important nosocomial infections. It has high morbidity and mortality rates and occurs only in patients with colonized catheters (1, 2). The negative predictive value of superficial culture (skin and hub) results for prediction of catheter tip colonization is very high (3-7). However, taking cultures from the hub requires a swab to be rubbed inside the catheter lumen, thus potentially leading to migration of microorganisms into the bloodstream (8-10).
C
atheter-related bloodstream infection (C-RBSI) is one of the most important nosocomial infections. It has high morbidity and mortality rates and occurs only in patients with colonized catheters (1, 2) . The negative predictive value of superficial culture (skin and hub) results for prediction of catheter tip colonization is very high (3) (4) (5) (6) (7) . However, taking cultures from the hub requires a swab to be rubbed inside the catheter lumen, thus potentially leading to migration of microorganisms into the bloodstream (8) (9) (10) .
Currently, short-term central venous catheter (CVC) hubs are closed with needleless connectors (NCs), which are easier to culture. We compared the negative predictive values for catheter tip colonization of cultures taken from inside the hubs and from the NCs.
MATERIALS AND METHODS
Setting. This prospective study was carried out in the laboratory of the clinical microbiology and infectious diseases department and the cardiac surgery postoperative care unit (PCU) of our institution.
Laboratory procedures. Immediately before removing the CVC, we took culture samples from the inside of all catheter hubs and from the NC (Clave connector). After the CVC was removed, the catheter tip was sent to the microbiology laboratory for culture. Always before culture samples were taken, the investigator wore clean gloves and disinfected the hubs with alcoholic chlorhexidine.
The laboratory procedures were as follows. The catheter tip was cultured using the roll-plate technique and sonication on a blood agar plate, samples from all hubs were cultured on blood agar plates using a semiquantitative method, and NCs were sonicated for 1 min, vortex-mixed, and centrifuged in brain heart infusion (BHI) medium. One hundred microliters of sonicate was cultured on a blood agar plate (Fig. 1) .
The microorganisms recovered were fully identified using standard microbiological methods (11) . We also used a preestablished protocol to record patient characteristics, underlying diseases, comorbid conditions, severity-of-illness scores (such as acute physiology and chronic health evaluation II [APACHE II] scores), the maximum severity reached before catheter withdrawal, and microbiological data on blood cultures.
Definitions. The following definitions were used: catheter tip colonization, isolation of either Ն15 CFU/plate with the semiquantitative Maki technique or Ն100 CFU/segment with the sonication method; hub colonization, isolation of Ն15 CFU/plate in semiquantitative culture; closed NC colonization, isolation of Ն20 CFU/connector from at least 1 NC from the central venous system in semiquantitative culture. We considered an episode of C-RBSI to be confirmed when the same microorganism was isolated both from peripheral blood cultures and from the catheter tip. To calculate the validity values for NCs for predicting catheter colonization, we considered positive NCs to be those with the same microorganism(s) as isolated from the catheter tip.
Statistical analyses. Continuous variables were expressed as mean Ϯ standard deviation (SD) or median and interquartile range (IQR); categorical variables were expressed as percentages, with 95% confidence intervals (CIs), when applicable. Categorical variables were evaluated using the chi-square test or 2-tailed Fisher exact test. Statistical significance was calculated using a 2-tailed test, and P values of Ͻ0.05 were considered significant.
We calculated the validity values for closed NC culture by comparing this method with the gold standard for colonization and also with culture of superficial samples. The sensitivity, specificity, and positive and negative predictive values, with their 95% CIs, were calculated using EPIDAT 3.1. Accuracy was defined as the sum of true-positive and true-negative results. Statistical analyses were performed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY).
Ethics. The study was approved by the local ethics committee.
RESULTS
We included a total of 75 CVCs from 49 patients, with ages (mean Ϯ SD) of 64.47 Ϯ 14.2 years. The most common underlying conditions were congestive heart failure (36.7%) and diabetes mellitus (36.7%), followed by myocardial infarction (20.4%). The overall comorbidity index values (mean Ϯ SD) and APACHE II scores at admission (mean Ϯ SD) were 2.18 Ϯ 1.7 and 8.67 Ϯ 3.4, respectively. The main reason for catheter withdrawal was end of use (66.7%), followed by suspicion of infection (16.0%). Other patient and catheter data are detailed in Table 1 . Overall, we confirmed 3 episodes of C-RBSI (3.71 episodes/ 1,000 catheter days), and 16 patients (32.7%) had infections at other sites (Table 1 ). The overall catheter tip colonization rate was 10.7% (8/75 systems). The colonization rates for hubs and NCs were 6.7% and 12.0%, respectively. Table 2 shows the validity values for hub and NC cultures for predicting catheter colonization. NC cultures showed a sensitivity value of 87.5% and a negative predictive value for catheter colonization of 98.5%, compared with 25.0% and 91.4% (P Ͻ 0.001), respectively, for hub cultures. Table 3 shows the different microorganisms isolated from the colonized central venous systems. 
DISCUSSION
Our study shows that sonication of closed NCs is a better diagnostic procedure than hub culture for predicting or ruling out shortterm catheter colonization. It is well known that colonization of hubs or skin surrounding the catheter insertion site is the most common source of catheter tip colonization and C-RBSI (4, 5) . Therefore, superficial cultures (cultures of skin surrounding the catheter insertion site and hubs) are recommended as a conservative technique for diagnosing catheter colonization and C-RBSI, as data suggest that patients with negative superficial culture results are unlikely to have C-RBSI (3, 4, 6, 12) . Obtaining hub culture samples involves manipulating the catheter and rubbing a swab inside the hub, a process that could potentially introduce microorganisms into the catheter lumen (8) (9) (10) .
Currently, NCs are routinely used to lock CVC hubs. They are The main limitation of the study was that we included a small sample of patients from a single institution. Our results prove, however, that negative NC culture results are almost always indicative of negative tip colonization.
Future studies must assess whether systematic cultures of withdrawn NCs can distinguish between two populations of patients, namely, those at risk of developing C-RBSI and those not at risk. Several such studies are ongoing in our institution. The use of an alternative and noninvasive diagnostic procedure, such as sonication of closed NC cultures, can replace hub cultures for the identification of patients at low risk of catheter colonization.
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